This study assessed hematological and serum biochemical alterations associated with the occurrence of tuberculous lesions in slaughtered White Fulani cattle at Nsukka abattoir, Enugu State, Nigeria. Diagnosis was confirmed by the immunochromatographic technique and histopathology. Out of 567 cattle examined, ten (1.76%) had tuberculous lesions. The tuberculous cattle had normocytic normochromic anemia, leukocytosis, lymphocytosis, eosinophilia and an increased erythrocyte sedimentation rate. They also had significantly lower (p < 0.05) serum alanine aminotransferase, albumin and urea, and significantly higher (p < 0.05) serum globulin than the apparently healthy control animals. We concluded that the occurrence of tubercles in cattle was associated with alterations in hematological and serum biochemical parameters, which may be relevant to the establishment of an antemortem diagnosis of tuberculosis. ■ How to quote this article: Ihedioha J.I., Udeani I.J., Ezeasor C.K., 2017. Hematological and serum biochemical alterations in White Fulani cattle with tuberculous lesions. Rev. Elev. Med. Vet. Pays Trop., 70 (4): 127-130,
■ INTRODUCTION
Bovine tuberculosis (TB) is a chronic infectious disease of animals and humans, caused by Mycobacterium bovis (Ayele et al., 2004) . The disease in cattle occurs worldwide. It is associated with severe economic losses caused by the depreciation in cattle production, cattle mortality and condemnation of carcasses at slaughter (Abubakar et al., 2011) . Although clinical signs of the disease may not be obvious and specific in affected cattle, the development of tubercles in organs such as the lymph nodes, lungs, intestines, liver, spleen, pleura and peritoneum of affected cattle is characteristic (Corner, 1994; Varello et al., 2008) .
Hematological and serum biochemical evaluations are important in the diagnosis of diseases because of their predictive value of pathological changes in vital internal organs and deviation from normal caused by invasion of the body by pathogens (Stockham and Scott, 2008) . There have been many reports on hematological and serum biochemical changes associated with TB in cattle (Amin et al., 1990; Rao et al., 1992; Kumar et al., 1994; Javed et al., 2006; Olivia et al., 2008) , but the present study assessed hematological and serum biochemical alterations in slaughtered cattle with gross tuberculous lesions at Nsukka abattoir.
■ MATERIALS AND METHODS
We carried out a postmortem TB survey on trade cattle, consisting mostly (93%) of White Fulani Zebu, slaughtered between March 2012 and March 2013 at Nsukka abattoir, Enugu State, Southeastern Nigeria, located within the derived savanna belt, at 6° 51ʹ 24ʺ N and 7° 23ʹ 45ʺ E, with an average elevation of approximately 550 meters (1810 feet). The sample population comprised 567 cattle, slaughtered during the 27 abattoir visits (once every two weeks) during the 13-month study period. Cattle scheduled for slaughter were physically examined at the lairage and marked.
Blood samples were collected from the jugular vein. They were anticoagulated with sodium ethylene diamine tetra-acetic acid (EDTA) for hematology, whereas those for serum biochemistry were collected in plain glass test tubes and allowed to clot. A postmortem examination was performed on the carcasses for presence of tubercles (Corner, 1994) , and blood samples from cattle with tubercles (positive cases) were retained. For each positive case, blood samples from four apparently healthy (non-tuberculous) cattle were also collected as control. The diagnosis of bovine TB was further confirmed by the histopathological evaluation of organs with tubercles (Varello et al., 2008) and the immunochromatographic technique using Anigen Rapid Bovine TB Antibody Test Kit (Bionote, South Korea), as its sensitivity and specificity are very high (Okoro et al., 2014) .
The packed cell volume (PCV) was determined by the microhematocrit method (Thrall and Weiser, 2002) . Hemoglobin (Hb) concentration was measured by the cyanmethemoglobin method (Burtis et al., 2008) . Red blood cell (RBC) and total leukocyte counts were conducted with the hemocytometer method. Differential leukocyte counts were performed on air-dried thin blood smears stained by the Leishman technique and enumerated with the battlement method (Thrall and Weiser, 2002) . The mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH) and mean corpuscular hemoglobin concentration (MCHC) of the erythrocytes were calculated with the standard formula (Thrall and Weiser, 2002) . The erythrocyte sedimentation rate (ESR) was determined with the modified Wintrobe method (Thrall and Weiser, 2002) . All serum biochemical determinations were carried out with the standard colorimetric method using commercial test kits (Quimica Clinica Applicada, Spain). Serum aspartate aminotransferase (AST) and alanine aminotransferase (ALT) activities were determined by the Reitman-Frankel colorimetric method, and the alkaline phosphatase (ALP) activity by the phenolphthalein monophosphate method (Burtis et al., 2008) . Serum total bilirubin was determined by the modified Jendrassik-Grof method, and total protein by the direct Biuret method (Burtis et al., 2008) . Serum albumin was determined by the bromocresol green method, and globulin was calculated by subtraction of the value of albumin from that of total serum protein (Burtis et al., 2008) . Serum total cholesterol was determined by the enzymatic colorimetric method, serum urea by the modified Berthelot-Searcy method, and creatinine by the modified Jaffe method (Burtis et al., 2008) .
Data analysis was performed with the statistical Software Package for Social Sciences (SPSS) version 16. The hematological and serum biochemical parameters of control and tuberculous cattle were compared with Student's t-test (significance level of p < 0.05).
■ RESULTS AND DISCUSSION
Out of the 567 cattle, ten (1.76%) had tubercles on the lungs, liver, spleen, gall bladder and/or lymph nodes which were confirmed by the histopathology and immunochromatographic technique. The positive cases were six male and four female adult White Fulani cattle. The 1.76% prevalence of tuberculosis in the present study was comparable to the reported prevalences of 1.1% in Maiduguri (Raufu and Ameh, 2010) and 1.9% in Makurdi (Ejeh et al., 2014a) , in Nigeria. It was, however, relatively lower than those of 2.8% (Igbokwe et al., 2001) , 4.05% (Aliyu et al., 2009 ) and 2.9-6.5% (Ejeh et al., 2014b) reported in areas of Northern Nigeria. These differences may be associated, on one hand, with climatic conditions that facilitate bovine tuberculosis persistence and transmission, as they vary from north to south of Nigeria depending on the geographical location, and, on the other hand, with the methods of diagnosis of positive cases.
The hematological parameters are summarized in Table I . Mean PCV, RBC count and Hb concentration were significantly lower (p < 0.05) in tuberculous cattle than in apparently healthy control animals, whereas mean ESR was significantly higher (p < 0.05) in tuberculous cattle than in control animals. Mean total leukocyte, lymphocyte and eosinophil counts were significantly higher (p < 0.05) in tuberculous cattle than in control, but the basophil count of tuberculous cattle was significantly lower (p < 0.05) than that of control. There were no significant (p > 0.05) differences between means of MCV, MCH, MCHC, neutrophil and monocyte counts in tuberculous cattle and in control cattle.
Erythrocytic alterations in tuberculous cattle showed normocytic normochromic anemia, indicated by significantly lower means of PCV, RBC count, and Hb concentration without any significant changes in their MCV, MCH and MCHC (Stockham and Scott, 2008) . The anemia could have been caused by the chronic disease condition and the suppression of erythropoiesis by inflammatory mediators (Weiss, 2002; Lee et al., 2006) . The finding of normocytic normochromic anemia is in agreement with other reports in cattle (Rao et al., 1992; Kumar et al., 1994) and humans with tuberculosis (Lee et al., 2006) . The higher ESR could have been caused by tissue destruction associated with the formation of granulomas in the parenchyma of the lungs, liver, spleen and lymph nodes (Stockham and Scott, 2008) . It agreed with reports on buffaloes (Amin et al., 1990) and humans (Olaniyi and Aken'ova, 2003; Olivia et al., 2008) , but disagreed with another report on buffaloes (Javed et al., 2006) . Leukocytosis associated with lymphocytosis and eosinophilia in the present study could have been due to an antigenic stimulation caused by active chronic Mycobacterium bovis infection (Stockham and Scott, 2008) . This finding agreed with earlier reports in humans (Morris et al., 1989) and cattle (Javed et al., 2006) with tuberculosis.
Serum biochemical parameters are summarized in Table II . Means of serum ALT activity, albumin and urea levels of tuberculous cattle were significantly lower (p < 0.05) than those of control, but serum globulin levels were significantly (p < 0.05) higher in tuberculous cattle than in control. Means of serum AST and ALP activities, total protein, total cholesterol, creatinine and total bilirubin levels showed no significant (p > 0.05) differences between tuberculous and control cattle. The alterations in serum ALT activity, albumin and urea levels could have been caused by lesions in the liver and loss of its synthetic capacity (Stockham and Scott, 2008) . Hypoalbuminemia has been reported in humans with tuberculosis (Morris et al., 1989) . Increased serum globulin levels could have been caused by high levels of immunoglobulin production stimulated by chronic antigenic challenge by tubercle bacilli, similarly to what has been reported in humans with tuberculosis (Damburam et al., 2012) .
■ CONCLUSION
Bovine tuberculosis was associated with normocytic normochromic anemia, increased ESR, total leukocyte, lymphocyte and eosinophil counts, and serum globulin levels, as well as decreased serum ALT activity, albumin and urea levels. Therefore, blood tests may be useful to establish the diagnosis of bovine tuberculosis in endemic areas. Este estudio asesoró las alteraciones serológicas bioquímicas y hematológicas asociadas con la incidencia de lesiones tuberculosas en el ganado Fulani Blanco, sacrificado en el matadero del estado de Enugu, en Nigeria. El diagnóstico se confirmó mediante la técnica de inmuno cromatografía e histopatología. De los 567 animales examinados, diez (1,76%) presentaron lesiones tuberculosas. El ganado tuberculoso tenía anemia normocrómica normocítica, leucocitosis, linfocitosis, eosinofilia y una tasa de sedimentación eritrocítica elevada. También presentaron un nivel significativamente (p < 0,05) bajo de alanina aminotransferasa, albumina y urea, y globulina sérica significativamente (p < 0,05) elevada, con respecto a los animales controles aparentemente sanos. Se concluye que la ocurrencia de tubérculos en el ganado estuvo asociada con alteraciones en los parámetros bioquímicos séricos y hematológicos, los cuáles puede ser importantes para establecer un diagnóstico de tuberculosis ante mortem.
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